? 


Proceedings of the American Academy of Arts and Sciences. 


Vou. XLII. No. 19.— FEBRUARY, 1907. 


CONTRIBUTIONS FROM THE BERMUDA BIOLOGICAL STATION 
FOR RESEARCH, No. 10; AND FROM THE LABORATORY 
OF HISTOLOGY AND EMBRYOLOGY, WESTERN 
RESERVE UNIVERSITY. 


THE SPERMATOGENESIS OF THE MYRIAPODS. 


V.—ON THE SPERMATOCYTES OF LITHOBIUS. 


By MAuULSBY W. BLACKMAN. 


Witn Two 


q 
} 
q 


¢ 
¥ 
a 
34 
a 
a 
4 
4 
34 
; 
ad 
F 
| 
| 
4 
af 
: 
d 
: 


THE SPERMATOGENESIS OF THE MYRIAPODS. 


V.—ON THE SPERMATOCYTES OF LITHOBIUS.2 


By MAULSBY W. BLACKMAN. 


Presented by E. L. Mark, December 12, 1906. Received November 22, 1906. 


For a number of years the author has been collecting material for a 
comparative study of the spermatogenesis of the principal groups of the 
Chilopoda. Five papers based upon this material have already been 
published ; a series of four papers (Blackman, :01, :03, :05, :05*) upon 
two species of Scolopendra (8. heros and 8. subspinipes) and one paper 
upon Scutigera forceps by Medes (:05). In the present article it is my 
purpose to carry this comparative study further. 

The present paper is based upon a study of the spermatocytes in 
three species of the genus Lithobius and is from material collected 
in three widely separated localities. The principal observations were 
made on the testes of Lithobius mordax, collected in the vicinity of 
Lawrence, Kansas, during the spring and summer of 1902 and 1903. 
Using as a basis the knowledge gained from the study of this species, 
additional observations have been made upon Lithobius sp.? and 
Lithobius multidentatus, with a view to comparison. The material 
of Lithobius sp.? was collected by the author near Flatts, Bermuda, 
during July, 1903, while working at the Bermuda Biological Station for 
Research ; that of Lithobius multidentatus was collected near Cambridge, 
Mass., during October, 1904. 

At the time this comparative study of myriapod spermatogenesis was 
begun, no detailed work upon the germ cells of chilopods had been at- 
tempted under modern conditions of technique. The only observations 
upon this material then published were those of Carnoy (’85) in his 
classical Cytodierése chez les arthropodes, and those of Prenant (’87, ’92). 
Since then, however, a number of papers based upon the sperm cells of 
myriapods have appeared. Of those dealing with problems touched 
upon in this article the chief are those by Meves and von Korff (Litho- 


1 Contributions from the Bermuda Biological Station for Research, No. 10; and 
from the Laboratory of Histology and Embryology, Western Reserve University. 
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bius forficatus), :01; P. Bouin, :00, :01, :03, :03*, :04; P. et M. Bouin, 
:02, Lithobius forficatus and Scolopendra morsitans; P. Bouin et R. 
Collin, :01, Geophilus linearis. 

The results obtained by these authors differ so markedly in several 
important particulars from those obtained by myself (Blackman, :01, 
:03, :05, :05*) on Scolopendra and by Medes (:05) on Scutigera that 
it seemed advisable to extend the comparative study to the genera 
upon which they had worked. What I consider the important dis- 
crepancies between the observations upon American and those upon 
European forms have to do with the condition of the chromatin during 
the growth period and its later behavior in the prophase. According 
to my observations upon the two species of Scolopendra, the chromatin 
during the growth period is not arranged in the form of a spireme, or 
reticulum, throughout the nucleus, but the threads are aggregated into 
a very dense mass, the karyosphere, and at the beginning of the pro- 
phase the chromosomes arise from this mass directly. The observa- 
tions of Medes (:05) show that an essentially similar condition exists 
in Scutigera. All the observations upon the European forms, however, 
except the early ones of Carnoy (’85) upon Lithobius and Scutigera, 
seem to lead to the conclusion that the large intra-nuclear bodies seen 
in all chilopod spermatocytes are true nucleoli and have no genetic 
relation to the prophase chromosomes. As will be seen later in this 
paper, my present observations on Lithobius confirm my earlier ones 


on Scolopendra. 
TECHNIQUE. 


In the preparation of the material much difficulty was at first ex- 
perienced in obtaining a good fixation of all the cell structures, owing 
to the peculiar character of the cytoplasm. Thus, in the early study, 
a large number of fixing reagents were used, including the following : 
Flemming’s strong solution, Flemming’s weak solution, Gilson’s fluid, 
Perenyi’s fluid, Merkel’s fluid, and various picro-acetic and sublimate- 
acetic mixtures. Of these, much the best results were obtained with 
Gilson’s nitric-acetic-sublimate mixture. While the results of this fixa- 
tion were not always entirely satisfactory, the majority of preparations 
thus obtained apparently left nothing to be desired. In later studies 
Bouin’s picric-acetic-formol mixture was tried, but the results were 
much inferior to those obtained with Gilson’s fluid. 

The sections were cut with the Minot rotary microtome, the thick- 
ness varying from 2 to 6 micra, and were affixed to the slide by means 
of very dilute albumen water. The sections were then stained by one 
or another of a number of methods, the best cytological results being 
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obtained with Heidenhain’s haemotoxylin used either alone or with 
Congo red as a counterstain. Sections thus stained were used for 
all detailed studies of the cell structures. For micro-chemical tests, 
Flemming’s three-color stain and the Ehrlich-Biondi mixture were 
used, the results obtained with the latter being especially satisfactory. 


OBSERVATIONS. 


The testis of Lithobius consists of a single unpaired sac tapering at 
the anterior end, where it ends blindly, and also tapering slightly at the 
posterior end, where it is directly continuous with the vas deferens. In 
adults, which were used exclusively in this study, the spermatogonia 
are found only at the periphery of the testes. They are small spindle- 
shaped cells containing oval nuclei (Plate 1, Figure 1), and are similar 
in all respects to the spermatogonia of Scolopendra, with the exception 
that each nucleus contains two karyospheres instead of one. ‘These 
karyospheres consist largely of chromatin, as is shown by their reaction 
to stains. They are stained black in iron-haemotoxylin, and after treat- 
ment with the Ehrlich-Biondi mixture they are colored green, while all 
other cell structures assume a red tint. The remaining portion of the 
nucleus is occupied by a network of linin fibres, which stains as lightly 
as does the cytoplasm outside of the nucleus. 

The constancy with which two karyospheres, and never more than 
two, occur in the spermatogonia of Lithobius mordax has led me to ask 
what significance this may have. When we consider that there are 
always two karyospheres in the spermatogonia, and never more than 
one in the spermatocytes of this species, the explanation suggests itself 
that one of the spermatogonial karyospheres may represent the chromo- 
some group derived from the mother, while the other one is made up of 
paternal chromosomes. However, it would seem impossible to obtain 
proof of this, and the suggestion is made merely as an interesting possi- 
bility. Furthermore, this condition is constant only for Lithobius 
mordax, while in Lithobius sp.? the number of karyospheres in the 
spermatocytes is often as great as four. At the beginning of the active 
prophase of the spermatogonial mitoses in Lithobius, the chromatin 
leaves the karyospheres and becomes arranged throughout the nucleus 
in the form of a large number of fine granular threads (Figure 2), each 
one of which represents a chromosome. The number of these segments 
at this stage is so great, and the nucleus is so small, that it has been 
found impossible to count them ; but from counts of the chromosomes 
during the spermatocyte stages, it may be inferred that the number of 
these granular threads found in the spermatogonia is forty-eight, so 
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that with the accessory chromosome the total spermatogonial number 
is forty-nine. 

After the origin of the chromatin segments from the karyospheres 
the residue consists of two sorts of material: a small, deeply staining 
body, the accessory chromosome, and two lightly staining plasmosomes 
(Figure 2). The plasmosomes remain in the nucleus during the pro- 
phase, and are dissolved at the time of the breaking down of the nuclear 
membrane. ‘The accessory chromosome is usually closely applied to one 
of these nucleoli, although it may be entirely free from both. 

Thus the conditions at this time are quite similar to those found in 
Scolopendra subspinipes (Blackman, :05*), where a portion of the residue 
of the karyosphere is nucleolar material, while the other portion is a 
modified chromosome. In Scolopendra heros, on the contrary, all the 
products of the karyosphere are chromatic. One point of difference, 
however, between the spermatogonial prophases in Lithobius on the 
one hand, and in the two species of Scolopendra (Blackman, :03, :05*) 
and in Scutigera forceps (Medes, :05) on the other, is the shape and 
appearance of the chromosomes. In Lithobius these elements are 
slender granular segments, similar to the corresponding structures in 
insect spermatogonia, while in the other three species mentioned the 
chromosomes are in the form of small rounded granular masses, which 
never lengthen out to form threads. The later stages of the sperma- 
togonial mitosis offer no points of especial interest, and will not be 
described in this paper. 

The telophase stages of the last spermatogonial division are similar 
in all essential respects to those in Scolopendra and Scutigera. The 
daughter chromosomes, as they move toward opposite poles of the 
spindle, are aggregated into dense masses. At this stage the chromo- 
somes are rounded bodies possessing clear-cut outlines. Soon, however, 
just as in Scolopendra, they begin to lengthen out and become granular, 
and thus in place of a mass of closely aggregated homogeneous bodies 
there soon arises a more loosely arranged group of granular segments. 
At first this is enclosed in no membrane, but lies within a vacuole of 
hyaloplasm. Eventually, however, a definite nuclear membrane appears 
and the chromatin segments become distributed throughout the space 
enclosed by it (Figures 3, 4). It may now be readily seen that the 
number of these chromatin segments is much smaller than the number 
of chromosomes seen during the spermatogonial prophase. Careful 
counts give the number of segments at this stage as 24, which, to- 
gether with the accessory chromosome, produces a total of 25, the 
number of chromosomes characteristic of the following mitosis. ‘Thus 
here, just as in Scolopendra, pseudo-reduction has already occurred as 


BLACKMAN. — SPERMATOGENESIS OF THE MYRIAPODS. 493 


the result of the union in pairs of the spermatogonial chromosomes 
during the telophase of the last mitosis of the division period. 

Evidences of the nature of this union are to be seen in many nuclei, 
although, owing to the close grouping of the chromosomes in the telo- 
phase, actual stages in the union are very difficult to find. In the two 
species of Scolopendra (Blackman, :03, :05, :05*) it has been shown 
that this union of the chromosomes is accomplished by an end to end 
fusion of the elements, similar to that described by Montgomery (:00, 
:01) for Peripatus, and by Sutton (:02) for Brachystola. In the three 
species of Lithobius studied, evidences of the origin of the spermatocyte 
chromosomes by a similar union are seen in Figures 3 and 4. The 
chromatin segments are often bent at a sharp angle at about their 
middle point, the two equal limbs representing spermatogonial chromo- 
somes which have conjugated during the preceding telophase. ‘Thus 
in Lithobius, just as in Scolopendra and in Scutigera, there is no stage 
in which all of the chromatin is arranged in a continuous spireme, and 
at no time is the number of chromatin segments less than the number 
of chromosomes characteristic of the succeeding metaphase. 

In the meantime, even before the reconstruction of the daughter 
nuclei in the last spermatogonial telophase, the cells have entered 
upon that period of remarkable growth characteristic of the spermato- 
cytes of chilopods. This growth is so marked that at the time of the 
appearance of the nuclear membrane (Figures 3, 4) each of the daughter 
cells has attained a size about equal to that of the parent cell. In 
succeeding stages this increase in size continues (Figures 3-8), until 
finally in the vesicle stage (Figure 10) the diameter of the spermato- 
cytes is more than ten times that of cells in the spermatogonial telo- 
phase. Thus the ultimate size of the spermatocyte in the vesicle stage 
is even greater than in Scolopendra. 

At the time of the reconstruction of the nuclear membrane, as has 
already been mentioned, chromatin segments of the reduced number 
become scattered throughout the entire nuclear cavity (Figure 3). As 
the cell continues to grow these chromatin threads become more diffuse 
and the granules composing them become finer, and are now in a con- 
dition apparently similar in all respects to the segmented spireme stage 
of the spermatocytes of other animals. Now, however, a rearrange- 
ment of the chromatin begins to take place, which seems to be charac- 
teristic of chilopod spermatocytes and is seldom met with in the male 
cells of other animals. These changes have been studied in detail in 
Scolopendra (Blackman, :03, :05, :05*) and in Scutigera (Medes, :05), 
and while they are essentially similar in these two genera, they still 
present several interesting minor differences. 
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In Scolopendra heros (Blackman, :03, :05) their changes are as fol- 
lows : “The chromatin segments begin slowly to break down, and their 
substance becomes aggregated about the accessory chromosome, thus 
apparently increasing the size of this body enormously. ‘This process 
continues until finally all of the chromatin of the cell is aggregated in 
one large intensely staining body.” (Blackman, :05, p. 14.) This body 
I have called the karyosphere. Itis not a simple homogeneous body of 
chromatin, but a very complex mass of chromatin fibres closely en- 
veloping a solid chromatin body, the accessory chromosome. It is 
made up of chromatin, linin, and karyolymph, but contains no nucleolar 
material. 

In Scolopendra subspinipes (Blackman, :05*) the conditions are 
slightly different, owing to the presence of a true nucleolus. Here the 
karyosphere is formed by the massing together of all of the chromatin 
of the cell, but it also contains a nucleolus in addition to the material 
derived from the chromosomes. ‘I'he chromosomic material is deposited 
in a dense granular mass over the outside of the nucleolus, forming a 
mantle around it. 

In Scutigera forceps (Medes, :05) the origin of the karyosphere is 
quite similar to that in Scolopendra heros. The material composing 
it in these early stages is derived entirely from the chromosomes, 
Later, however, during the growth period, the karyosphere acquires in 
addition a large quantity of nucleolar material, as is shown both by 
its staining reaction in the vesicle stage and by the nucleolar residue 
remaining after the origin of the chromosomes in the prophase fol- 
lowing. Thus, while the component materials of the karyosphere in 
Scutigera are identical with those of the same body in Scolopendra 
subspinipes, there is in the former no such definite localization of 
chromatic and nucleolar material as is found in the latter. 

In the three species of Lithobius which I have now studied, two con- 
ditions exist as to the origin of the karyosphere. In Lithobius mordax 
the origin of the karyosphere is more like that in Scolopendra heros 
and Scutigera forceps, while in Lithobius multidentatus and Lithobius 
sp. the stages observed resemble more closely those found in Scolopendra 
subspinipes. 

Stages in the formation of the karyosphere in Lithobius mordax are 
shown in Figures 3, 5, 6, 7,and 8. In Figure 3 the outlines of the 
accessory chromosome can still be distinguished. Closely apposed to 
one side of this element are several masses, which are more granular. 
These represent chromatin segments which have become shortened and 
thickened by a rearrangement of their granules, and have taken up a 
position upon one side of the accessory chromosome. Other chromo- 
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somes, still in the form of granular segments, are in contact with the 
forming karyosphere and very plainly are about to undergo a similar 
process. This disposition of the chromosomes around the accessory 
chromosome continues (Figure 5) until all of them are aggregated in 
one irregular densely staining mass, the karyosphere (Figures 6, 7). 

In Scolopendra heros it was never possible to establish conclusively 
that the chromatin enters the karyosphere as definite individual chromo- 
somes. ‘hat this is the case was, however, always believed by the 
author, and indeed there was considerable evidence supporting this 
view. In Scolopendra subspinipes more convincing evidence was found, 
as the nucleolar material there present serves as a background against 
which the chromosomes can be seen in favorable cases. However, some 
doubt might still remain. 

The stages in the formation of the karyosphere in Lithobius mordax 
furnish better evidence of the individuality of the chromosomes during 
the early spermatocytic stages than those of any other myriapod yet 
studied. It can be very plainly seen that the chromosomes enter into 
the formation of the karyosphere as distinct elements without losing their 
individuality. Evidences of this fact are found at all stages in the 
formation of the karyosphere in the irregular lobulated structure of 
this body (Figures 5-8). Each one of these lobules undoubtedly repre- 
sents a chromatin segment which has become shortened and thickened 
into an irregularly rounded body. In Figure 5 several of these chromo- 
somes still remain detached from the rest and their identity is easily 
recognized. In Figure 6 the individuality of many of the elements 
may still be readily seen, while in Figure 7 the grouping of the 
chromosomes is but little closer. 

Shortly after the stage shown in Figure 7, the karyosphere begins 
to undergo a change by which the dense mass of chromosomes is con- 
verted into the completely formed karyosphere of the vesicle stage. 
This change consists in the acquisition of a large amount of nucleolar 
material. This results in three changes in the appearance of the 
karyosphere. The first two of these are changes in size and shape, by 
which the irregular lobulated karyosphere of the young spermatocytes 
is converted into the larger spherical body characteristic of the vesicle 
stage. ‘The presence of nucleolar material in the karyosphere also 
brings about a change in its staining reactions. 

In Figure 8 is seen an early stage in this metamorphosis. By com- 
paring the karyosphere in this cell with that shown in Figure 7, the 
changes mentioned above are immediately apparent. The karyosphere 
has undergone a considerable increase in size and a portion of the 
surface has assumed a regular rounded outline. The portion of the 
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karyosphere possessing the regular outline has also changed in its 
reaction to the stains, showing that it is in this part that the nucleo- 
lar substance lies. Here certain rounded areas, which represent the 
chromosomes, still retain the haematoxylin strongly, while surrounding — 
these chromosomes are irregular areas which show little or no affinity 
for the chromatin stains. ‘Thus the rounding off of the karyosphere is 
due to the filling of the interstices between the chromosomes with 
nucleolar material, which thus acts as the matrix in which the chro- 
matin is embedded. ‘The acquisition of achromatic material continues 
during succeeding stages until, in the vesicle stage, the fully formed 
karyosphere is considerably larger, possesses a clearly cut outline, and 
is spherical in shape. 

The origin of the karyosphere in Lithobius multidentatus and 
Lithobius sp.? differs from that in Lithobius mordax in several re- 
spects, and at this stage the cells resemble those of Scolopendra sub- 
spinipes more than they do those of Scolopendra heros. ‘This is due 
to the facts that the young spermatocytes of these two species of 
Lithobius contain one or more true nucleoli and that this nucleolar 
material also enters into the formation of the karyosphere. In Figure 4 
is represented a young spermatocyte of Lithobius sp. ? showing an early 
stage in the formation of the karyosphere. ‘The spermatocytes of this 
species are characterized by the presence of two or more nucleoli dur- 
ing the growth period. Figure 4 shows a cell possessing two nucleoli. 
Chromatin in the form of diffuse segments is already being deposited 
upon the surface of one of these, and the accessory chromosome may 
be seen embedded in one side of it. The other nucleolus (Figure 4) is 
still free of chromatin, but would later be involved in these changes 
also. Each nucleolus usually forms the basis for a separate karyo- 
sphere, as may be seen by referring to Figures 14, 16, 17. In Figure 
15 one of the nucleoli contains no chromatin deposits whatever. This, 
however, is exceptional. 

In Lithobius multidentatus the origin of the karyosphere is similar 
to that just described for Lithobius sp ?, except that here only one nu- 
cleolus occurs, and only one karyosphere is formed (Figures 11-13). 

After all of the chromosomes of the cell have become massed to- 
gether to form the karyosphere, the remaining portion of the nucleus 
no longer stains deeply with chromatin stains (Figures 5, 6) and is no 
more dense in its structure than the cytoplasm. Soon irregular amor- 
phous deposits appear in the nucleus, and these form a mantle sur- 
rounding the karyosphere. This mantle, however, does not envelope 
the karyosphere closely, but is separated from it by an area of trans- 
parent substance so that this body seems to lie in a vacuole of hyalo- 


4 


BLACKMAN. — SPERMATOGENESIS OF THE MYRIAPODS. 497 


plasm (Figures 5, 6, and 7). The remaining portion of the nucleus is 
occupied by an irregular reticulum of linin fibres. 

As the cell continues to grow this amorphous deposit increases in 
amount (Figures 8, 9, 10), until finally, in the vesicle stage, it forms 
quite a conspicuous portion of the nucleus (Figures 9, 10). Just 
what the significance of this material may be I am at a loss to say. 
From its straining reactions, however, it is seen that it is chemically 
similar to the nucleolar substance. In Lithobias mordax it is much 
more abundant than in either of the other species studied, while in 
Lithobius sp. ? (Figures 14, 17) very little if any occurs. Thus it varies 
inversely with the amount of nucleolar material contained in definite 
nucleoli. In Lithobius multidentatus less is present than in L. mor- 
dax, but in the former species (Figures 11, 13) it occurs in much 
more definite bodies, and these often approach nucleoli in form and 
structure. So the conclusion would seem justified that these deposits 
represent nucleolar material which has never become arranged in the 
form of distinct nucleoli. 

We will now return to the early spermatocyte and consider the evo- 
lution of the extra-nuclear structures. First, as regards the centro- 
some. In Scolopendra heros (Blackman, :05) I was so fortunate as to 
be able to find the centrosome during all the stages from the spermato- 
gonium to the mature spermatozoén. Here it was readily found and 
recognized, owing to the fact that during the growth period it is en- 
closed in a specialized portion of the archoplasm. In Lithobius, how- 
ever, such aggregations of archoplasm do not occur, and the centrosome 
has not been observed during the growth period. In Figure 7 two 
small, densely stained bodies enclosed in a denser portion of the 
cytoplasm are shown. It is, however, impossible to state with any | 
certainty that these are centrosomes, owing to the fact that such 
structures have not been observed at other stages of the growth 
period. However, it does not necessarily follow that no centrosome 
exists during the growth period, as no determined effort has been 
made to find it and study it, as was done in Scolopendra. 

The structure of the cytoplasm in Lithobius has been studied by P. 
et M. Bouin (99), and by Meves und von Korff (:01). The brothers 
Bouin report the presence within the cytoplasm of Lithobius forfica- 
tus of certain irregularly formed bodies, which they have designated 
_ “formations ergastoplasmiques.” These are believed to arise by the 
disintegration of the astral rays. Just before the prophase these de- 
posits undergo what is described as a gelatinous metamorphosis and 
are not seen later than the early prophase. Meves und von Korff 
(:01), working on the same species, find these bodies in all phases of the 
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first spermatocyte mitosis, although in later stages they are reduced 
to smaller granules. In Scutigera (Medes, :05) structures which are 
probably homologous are formed both in the nucleus and in the cyto- 
plasm. ‘These bodies, which are classed as metaplasm, stain densely 
and vary widely in number in different cells. As the prophase ap- 
proaches, they begin to disintegrate, and soon disappear entirely. 

In Scolopendra (Blackman, :05) there are two sorts of formations 
occurring in the cytoplasm. The first of these is the archoplasm, 
which is similar in structure to the cytoplasm and appears as a thick- 
ened and condensed part of it. The second consists of rather small, 
dark staining granules, which in appearance and behavior are similar 
to those in Scutigera. These undoubtedly represent metaplasm — 
either ingested food particles, or by-products of the cell activity. 

In well-preserved cells of the three species of Lithobius studied 
I have been able to find no structures corresponding to the “forma- 
tions ergastroplasmiques ” of P. et M. Bouin, although in sections of 
poorly fixed material such deposits are often seen. ‘The cytoplasm in 
Lithobius is very fine meshed and seems to be very difficult to fix 
properly. When wrongly treated, the fine reticulum becomes dis- 
torted and irregularly massed together in such a manner as to give 
the appearance of definite structures, and these I believe have been 
incorrectly regarded as normal structures. However, a few small, dis- 
tinct granules do seem to be present at all stages of the first sper- 
matocyte, and these I consider to be metaplasm, i. e., food material or _ 
by-products of metabolism. 

In Lithobius no such aggregations ‘of archoplasm exist as are char- 
acteristic of the growth period and vesicle stage of Scolopendra. On 
the contrary, all of the cytoplasm of the cell seems to be of about the 
same consistency. Indeed, both in structure and staining reactions 
the cytoplasm in the vesicle stage is quite similar to that in the pro- 
phase of the first spermatocyte of Scolopendra, after the archoplasm 
has been dissolved in the hyaloplasm and dispersed throughout the 
entire cell. This similarity and the fact that there are no special 
aggregations of archoplasm have led me to conclude that during the 
vesicle stage in Lithobius the archoplasm is dispersed throughout the 
cell. This causes the cytoplasm at this stage and during the early 
phases of mitosis to stain more strongly than at other times. 

At the completion of the growth period the spermatocyte of Litho- 
bius mordax in the vesicle stage presents the appearance shown in 
Figure 10. The size of the cells is remarkable, as they often reach an 
average diameter of more than 100 micra, thus being even larger than 
the spermatocytes of Scolopendra and Scutigera. In the various 
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species of Scolopendra (Blackman, :01, :05, :05* ; Bouin, :03, :03*) the 
spermatocytes in the vesicle stage are of two distinct types as to size. 
In Lithobius, however, while there is considerable variation in the 
sizes of the cells during the vesicle stage, no such great differences 
exist, and the cells cannot be divided into two types on this basis. 

The cells in the vesicle stage of the three species of Lithobius are 
quite similar to one another as regards the extra-nuclear portion, but 
differ considerably in the structure of the nucleus, so much so that 
the species may be readily identified by this alone. The differences 
existing between Lithobius mordax and L. multidentatus are less ap- 
parent than those between either of these and the Bermuda species, yet 
very little study is necessary for identification. The greatest of these 
specific differences are seen in the structure of the karyosphere, but the 
condition of the achromatic structures also varies in the three species. 

What may be taken as the typical appearance of the nucleus in 
Lithobius mordax is shown in Figure 10. The karyosphere is stained 
an intense black with haematoxylin and green with the Ehrlich- 
Biondi mixture, showing that it is rich in chromatin. However, in 
many sections in which the decolorizing has been carried further, the 
entire karyosphere does not take the chromatin stain, thus showing 
that this body is not made up entirely of chromatin, as is that of 
Scolopendra heros, but contains nucleolar material also, as do the 
similar structures in Scolopendra subspinipes and Scutigera forceps. 
A karyosphere of this sort is shown in Figure 9. Here the chromatin 
is arranged in the form of a network of anastomosing strands which are 
embedded in the nucleolar substances. No portion of the nucleus 
except the karyosphere contains any chromatic material. The con- 
spicuous deposits which form an irregular mantle around the karyo- 
sphere are very evidently achromatic material, as is shown by their 
staining reactions. 

In Lithobius multidentatus the karyosphere is much like that just 
described. The chief difference lies in the fact that here the amount 
of chromatin to each cell is considerably less. ‘Thus the karyosphere 
is not usually stained so black and the nucleolar portion is more evi- 
dent (Figures 11, 12, 13). It is also true that the chromatin is usually 
found only on the periphery of the karyosphere outside the nucleolus, 
resembling in this respect Scolopendra subspinipes. The deposits of 
achromatic substance in the nucleus are much less abundant and are 
in more definite bodies, thus allowing more of the linin network to be 
seen. 

The nucleus in Lithobius sp. ? differs from that of either of the two 
species described in several particulars. There are no indefinite 
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masses of achromatic material, this all being incorporated in the nu- 
cleoli, of which there are several, the amount of nucleolar material 
being greater. Usually each nucleolus contains one or more chromo- 
somes and thus constitutes a karyosphere (Figures 14-17). The num- 
ber of karyospheres in a nucleus varies from one (Figure 15) to four 
(Figure 18) or even six, the most common number being two (Figure 
16), while three are often seen (Figures 14,17). When the number 
of karyospheres is greater, the relative amount of chromatin in each is 
smaller and the chromatin occurs in more definite masses. Often it 
is arranged in the form of a single thread embedded in the nucleolar 
material (Figure 14), while in other cases it occurs in several irregular 
masses (Figures 14, 15, 17). It is usually enveloped in the nucleolus 
and not deposited upon the periphery, as in Lithobius multidentatus. 

The origin and behavior of the chromosomes during the prophase 
of the first spermatocyte of myriapods has been described differently 
by different workers. The first account is that by Carnoy (’85), 
which deals with the spermatocyte mitoses of Lithobius forficatus, 
Scutigera arachnoides, Geophilus, and Scolopendra dalmatica. In 
Lithobius, Scutigera, and Geophilus the nucleole-noyau (karyosphere) 
gives rise to the chromatin thread, from which the chromosomes are 
derived. The process of tetrad formation was not studied at all. In 
Scolopendra dalmatica the nucleolus is said to take no part whatever 
in the origin of the chromosomes. 

Later investigators upon European myriapods have arrived at re- 
sults quite different from those of Carnoy. Meves und von Korff 
(:01) confined their observations almost entirely to the peculiar modi- 
fication in the achromatic division figure of the first spermatocyte of 
Lithobius forficatus. The chromosomes were but little studied, and 
those figured are already in the form of distinct elements. The de- 
scription, however, gives the impression that they arise from the net- 
work of the nucleus. 

In several short papers from the University of Nancy, P. Bouin, M. 
Bouin, and R. Collin have dealt briefly with the chromosomes, al- 
though most of their work has been upon achromatic structures. In 
Geophilus linearis P. Bouin et R. Collin (:01, page 101) find no con- 
nection between the large “ nucleolus” and the origin of the chromo- 
somes, but on the contrary state that these elements arise from a 
chromatic reticulum: “Le réticulum chromatique est constitué par 
de trés fins microsomes distribués sur les mailles du réseau de linine ; 
au niveau des points d’entrecroisement de ce réseau, ils sont rassemblés 
en amas plus ou moins volumineux. Ces microsomes chromatiques 
se réunissent bientdt en petites masses qui se condensent rapidement 
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en sphérules homogénes ; celles ci paraissent subir tout de suite une 
segmentation transversale. Peu de temps aprés le début de ces pro- 
cessus on peut voir, disséminés dans l’aire nucléaire, et aussi bien 
contre la face interne de la membrane du noyau que sur les travées 
du réseau lininien, des chromosomes segmentés transversalement et qui 
figurent, comme l'un de nous |’a déja signalé & propos du Lithobius 
forficatus, des sortes de diplosomes chromatiques minuscules. Ces 
diplosomes, chez Geophilus linearis, sont au nombre de huit. Ils nous 
a été impossible, & cause sans doute de l’extréme petitesse de ces 
formations, de nous rendre compte si les indices de la deuxiéme divi- 
sion de maturation apparaissaient sur ces chromosomes dés ce stade de 
la caryocinése.” The authors conclude that each of the succeeding 
mitoses results in a transverse division of the chromosomes. 

The criticism by Grégoire (:05) of these results of Bouin et Collin 
seem to me to be just. He says (p. 284) : “Cette interprétation ap- 
pelle plusieurs remarques. D’abord, si la description des auteurs est 
exacte, il faut reconnaitre que cet objet est détestable pour l’étude du 
subjet actuel et qu’on n’en peut tirer de conclusion d’aucune sorte. En 
effet, il semble bien impossible de savoir si la division en deux d’une 
‘sphérule’ constitue une division transversale & mettre sur le pied de 
ce qu’on appelle ailleurs de ce méme nom ; de plus, & la seconde cinése, 
comment fixer la valeur de la bipartition d’une ‘granulation minu- 
scule’? L/objet, tel qu’il est décrit, serait donc &4 condamner au point 
de vue actuel.” 

In a later paper P. Bouin et M. Bouin (:02) have published the 
results of their studies on the chromatin reduction in Lithobius forfi- 
catus. Here the chromosomes are larger than in Geophilus, although 
still somewhat smaller than those described in this paper. ‘The 
authors believe that in Lithobius also the chromatic elements have no 
connection with the large “nucleolus.” But in the figures accompany- 
ing this and other papers on the same species, it is seen that at the 
beginning of the prophase the nucleolus is large and stains like chro- 
matin, while later, after the chromosomes are formed, it is much 
smaller and more lightly stained. However, the authors state that 
the chromosomes arise from the nuclear reticulum. The chromatin 
granules, while still a part of this network, undergo cleavage, so that 
each thread of the reticulum becomes double. Later the chromatin 
granules collect and fuse to form bipartite chromosomes or “ diplo- 
somes.” No true tetrads were observed, but the authors conclude 
that reduction is accomplished by a longitudinal division followed by 
a transverse division. 

In the American myriapods the origin and behavior of the chromo- 
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somes of the first spermatocytes have been studied in three species : 
in Scolopendra heros (Blackman, :01, :03, :05), in Scolopendra sub- 
spinipes (Blackman, :05*), and in Scutigera forceps (Medes, :05). In 
these species the essential phenomena are similar, although the details 
of the processes vary considerably. In all three forms the chromosomes 
arise from chromatin stored in the karyosphere. The chromosomes 
appear first as segments equal in number to the elements later taking 
part in mitosis. ‘These granular segments undergo first a longitudinal 
and later a transverse cleavage, and soon take on the well-known cruci- 
form shape characteristic of the heterotypical chromosomes of inverte- 
brates. During the late prophase the chromatin granules fuse and the 
tetrad becomes a homogeneous four-lobed chromosome. 

The formation of the tetrads in Scutigera varies in one interesting 
particular from the typical process as observed in Scolopendra, as has 
been shown by Medes (:05, p. 163): “ Immediately after leaving the 
karyosphere the chromosomes shorten into dense granular cords. These 
now undergo a longitudinal cleavage and the double thread of chroma- 
tin breaks up into a number of short portions of irregular size.” These 
portions are spherical in shape and of homogeneous consistency ; they 
appear to be lobules of chromatin in a liquid condition. 

In describing the origin and behavior of the chromosomes of the first 
spermatocyte in the forms used in the present paper, the observations 
upon Lithobius sp. ? will be given first, as here the phenomena are more 
like those observed in other animals. Indeed, as regards the changes 
in the chromosomes themselves, the nuclear processes are nearly identi- 
cal with those in Scolopendra. The first change in the nucleus during 
the prophase has to do with the appearance of the chromosomes, which, 
as we have already seen, unite with the nucleoli during the early part 
of the growth period to form several karyospheres. During the growth 
period and vesicle stage this chromatin may be seen in the karyospheres 
as dense masses or threads embedded in the nucleolar material. The 
first change in the nucleus is in this chromatin. The dense masses 
become more granular and more diffuse and move to the surface, thus 
coming to lie outside the nucleolar portion. Strands of the chromatin 
leave the karyosphere and lie free in the nucleus. This process con- 
tinues until all of the chromatin has left the karyospheres. When this 
is accomplished, the number of chromatic segments in the nucleus is 
the same as the number of chromosomes participating in the succeed- 
ing division. Figure 18 (Plate 1) represents an advanced stage in 
the disintegration of the karyospheres. Many of the chromosomes are 
already free, while those which still remain in the karyosphere are 
spread out as diffuse flocculent deposits upon the surface of the 
nucleolar portions. 
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In later stages (Figures 19-21), when all of the chromosomes are free 
in the nucleus, the nucleoli, much reduced in size, may still be seen. 
These nucleoli, although at first spherical (Figure 21), soon become 
irregular in outline and rapidly disintegrate (Figures 19°, 20). At 
least a portion thus set free in the nucleus is used in the evolution of 
the chromosomes. 

The chromatin segments of the reduced number as they arise from 
the karyosphere are diffuse granular threads (Figure 18). These soon 
elongate, and the granules composing them become coarser. ‘The seg- 
ments assume a variety of shapes, but most often they are roughly 
U-shaped or V-shaped, just as they were in the early spermatocytes 
before they entered the karyosphere. At about their middle point, — 
i. e., at the angle of the V, or at the loop of the U,—there is very 
often a small gap in the chromatin thread (Figure 18), as has been 
observed by several investigators on other material (Montgomery, :00, 
:05 ; Sutton, :02; Blackman, :03, :05, 05°; Foot and Strobell, :05). 
This undoubtedly represents the point at which the conjugating 
chromosomes united during synapsis. 

Soon each segment undergoes a longitudinal splitting, resulting in 
two more slender segments (Figures 19*-21). The halves thus result- 
ing typically lie parallel to each other, but very often they are twisted 
about each other, as is shown by several chromosomes in Figures 19* 
and 20. Less often the ends of the halves may be separated and drawn 
in opposite directions, as is the case with several chromosomes in Figures 
19* and 19°. T'ypically, however, the two threads lie near each other 
and are approximately parallel. 

The next change in this double segment consists in the cleavage of 
each of the halves at about their middle point, resulting in a four- 
parted chromosome or tetrad. ‘This is a transverse division of the 
chromosome and occurs at the point where in preceding stages an 
interruption in the chromatin was observed. Thus, when this division 
is completed, it results in the separation of entire spermatogonial 
chromosomes. 

As soon as the transverse cleavage is established the chromatids 
revolve upon each other in one of several ways, producing tetrads vary- 
ing in shape, but all referable to one type. ‘The morecommon method 
is as follows : At the point of transverse cleavage the threads show a 
tendency to bend at a more or less acute angle, and in each half-segment 
the adjacent ends produced by the cross division become drawn out in 
the same direction, but perpendicular to the axis of the original thread, 
while the corresponding portion of the other half is drawn out in the 
same plane, but in an opposite direction. This results in the typical 


bs 
‘ 
. 
ig 
a 
a 
7 
4 
t 
q 
{ 
¥ 
¥ 
¥ 
% 
i 
q 
: 


504 PROCEEDINGS OF THE AMERICAN ACADEMY. 


cross-shaped figures shown by several tetrads in Figures 19° and 20. 
The four arms of the cross are approximately equal in length, and 
each arm is split longitudinally. Thus the chromosome is formed of 
four chromatids, each of which consists of a continuous chromatin 
thread extending the length of the two adjacent arms and forming one 
half of each (Figures 19°, 20). Another common shape assumed by the 
tetrad is illustrated by the double-V figures (Figure 20), similar to 
those observed in other animals by Paulmier ('98), McClung (:00, :02), 
Sutton (:02), Blackman (:01, :03, :05, :05*), Foot and Strobell (:05), 
and others. These are obtained by a longitudinal and transverse 
division of the V-shaped segments, no rotation of the chromatids occur- 
ring. A third form of the tetrad is shown by chromosomes in Figure 
22. Here the straight segment undergoes the two cleavages, as in the 
more common type. It is not converted into the typical cross-shaped 
figure, however, but remains as a straight band of chromatin consisting: 
of four parts — the chromatids. 

In later stages of the prophase the changes in the tetrads consist 
principally in a contraction of the arms and a condensation of the 
chromatin. Thus, in a fairly late prophase (Figure 22) the more common 
form of the chromosomes is still that of a cross, but the arms of the 
cross are much shorter and thicker, and in the more advanced tetrads 
the condensation of the chromatin granules has proceeded so far as to 
mask the planes of cleavage, these being seen only in the most favor- 
able cases. In still later stages the chromatin becomes more condensed, 
and the tetrad goes to the equatorial plate as an apparently homo- 
geneous body typically of a four-lobed shape. 

Some of the chromosomes in the process of condensation pass through 
stages similar to those described by Medes (:05) in Scutigera. The 
chromatin, instead of massing together into one body, becomes con- 
densed into a number of homogeneous globules, which lie embedded in 
a more lightly staining substance (Figure 22). These globules later 
fuse in such a manner as to form a metaphase chromosome of typical 
appearance. ‘This process will be followed more in detail in the other 
species of Lithobius, where it is the common method. 

The nuclear changes during the prophase in Lithobius mordax and 
Lithobius multidentatus will be treated at one time, as they are essen- 
tially similar in the two forms. In both of these forms all of the 
chromatin of the nucleus is massed in a single karyosphere, which also 
contains a considerable portion of nucleolar material. In addition to 
this there are plentiful deposits of achromatic material in the nucleus, 
it being more abundant in Lithobius mordax than in the eastern species. 
This material, although purely achromatic in nature, plays a part in 
the evolution of the chromosomes. 
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Just as in Lithobius sp. ?, the first nuclear change in the prophase of 
the first spermatocyte concerns the chromatin in the karyosphere. 
This leaves the dense masses and collects near the periphery either in 
the form of coarse granular flakes or loose aggregations of small 
globules. At the same time the achromatic deposits in the nucleus 
break up into a number of diffuse, lightly staining masses (Figure 13), 
which come into relation with the chromosomes as they arise from the 
karyosphere and become a part of them. 

The chromatin arises from the karyosphere (Figure 23) in the form of 
small globules, which, as they leave the karyosphere, become embedded 
in the diffuse masses of the achromatic substance. These masses of 
achromatin lengthen out into short segments, and in each of these the 
chromatin becomes arranged in the form of distinct darkly stained glob- 
ules (Figure 23). Thus each of these composite masses at this time con- 
sists of a diffuse, lightly stained band of achromatic material, in which is 
embedded a single row of intensely black globules of chromatin. These 
globules at this stage are always of about the same size, and are always 
spherical, presenting the appearance of droplets of liquid chromatin. It 
is not always easy to observe the typical arrangement of the chromatin 
globules, as the chromosome is often so bent, or in such a manner 
distorted, as to obscure their linear arrangement. 

The changes immediately following the origin of the chromosomes 
are similar in results to those in other animals. Each globule is divided 
into two equal parts, so that the chromosome, instead of being com- 
posed of a single row of chromatin particles, now consists of two such 
rows (Figure 23), each of which contains the same number of globules. 
This undoubtedly represents a longitudinal division of the chromosome, 
as the linear arrangement of the globules doubtless has the same sig- 
nificance as the similar arrangement of the granules in the ordinary 
chromatin segment of the prophase. Following the longitudinal split- 
ting, the transverse cleavage is accomplished in the same manner as in 
Lithobius sp. ? by a division of each row of globules at its middle. The 
four chromatids thus produced may rotate upon each other in such a way 
as to result in the typical cruciform tetrad (Figure 23), or may remain 
a double row of granules with a gap between the two pairs nearest the 
middle wider than that between any other two pairs. In Figure 23 
two tetrads showing the typical cross-shaped form are shown ; these 
are redrawn at the side of the figure with the achromatic portions 
omitted and the globules comprising each chromatid connected by 
lines, in order to show diagrammatically the author’s interpretation of 
their structure. 

Owing to the distortions of the arms of the tetrad, it is often difficult 
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to correlate the chromosomes at this stage with the type forms described. 
In later stages this difficulty is rendered still greater by the changes 
which next take place. ‘I'hese have to do with the condensation of the 
chromatin by which the tetrads of this stage are converted into the 
homogeneous chromosomes of the metaphase. ‘T’he condensation is 
accomplished by the fusing together of the chromatin globules com- 
posing each chromatid of the tetrad. It eventually results in the pro- 
duction of a tetrad made up of four large, deeply stained chromatin 
globules, each one of which represents a chromatid (Figure 25). 

Tetrads when they have reached this stage are very readily under- 
stood and correlated with those of an earlier period. ‘The intervening 
stages (Figures 24, 25), however, proved rather puzzling. ‘These are 
much more numerous, and were observed before either the foregoing 
or succeeding ones were found. After all stages were studied, how- 
ever, the interpretation was simple. All of the chromatin globules 
belonging to a chromatid do not fuse at once, but this is a process 
involving considerable time. Thus the chromosomes may contain a 
variable number of globules, and these often are of very different sizes 
(Plate 1, Figures 24, 25; Plate 2, Figure 26). In other cases chromo- 
somes were found containing from six to ten spherules of approximately 
equal size (Figures 24, 25, 27). The latter fact at first inclined me 
to the belief that the chromosomes here were multiple chromosomes 
similar to those found by Sinéty (:01) and McClung (:05) in insects, 
where some chromosomes possess as many as ten chromatids. However, 
a study of the chromosomes in the late prophase and in the metaphase 
(Plate 2, Figures 28, 29, 30) rendered this plausible view untenable. 
The fusing of the chromatic globules continues until all belonging to 
one chromatid have united to form one large spherule of apparently 
pure chromatin. 

The structure of the chromosome when it has reached this stage is 
shown by several examples in Figures 25 and 26. The four chromatids, 
of about equal size and arranged symmetrically, are enclosed in an 
irregular homogeneous or granular mass of achromatic material. In 
the later prophase (Figures 26, 27) this achromatic mantle contracts and 
becomes more dense, serving to bind the four parts of the chromosome 
together. Thus the chromosomes at the time of the breaking down of 
the nuclear membrane are four-lobed structures, which in Lithobius 
mordax are apparently homogeneous in consistency. 

In Lithobius multidentatus the formation of the tetrad is similar to 
that in the western species. Apparently the only difference in the 
chromosomes of the two species is in the smaller size of those in L. 
multidentatus (compare Figures 26 and 27 with Figure 28) and in the 
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relatively larger amount of achromatic material contained in the fully 
formed chromosomes. In Figures 26 and 27 are seen various late 
stages in the evolution of the tetrads. The younger stages here shown 
are practically identical with those of the other species. The later 
stages, however, are here much clearer. The larger quantity of achro- 
matic material causes the component parts to be more loosely bound 
together, and the individual chromatids may be readily distinguished. 
It is possible even to recognize the planes of the cleavage, although 
it cannot be said with certainty which is longitudinal and which is 
transverse. 

When all of the chromosomes have left the karyosphere, the body 
remaining is purely nucleolar in nature and stains lightly (Plate 1, 
Figures 24, 25). It is considerably smaller than the karyosphere, and 
in succeeding stages of the prophase gradually disintegrates. Usually 
it breaks up into a number of irregular granular bodies, which may 
persist even to the stage of the metaphase or anaphase (Figures 30, 32). 
In such cells these particles are usually grouped irregularly in the 
cytoplasm near the poles of the nuclear spindle, as has been observed 
in both Lithobius by P. Bouin (:01), by Meves und von Korff (:01), 
and in Scutigera by Medes (:05). In other cells, however, the nucle- 
olus seems to disappear entirely, there being no residue at the time of 
the formation of the spindle (Figure 29). 

Often the nucleus, instead of breaking up into several granular 
masses, becomes dissolved in the nuclear sap while retaining its 
spherical shape. In such cases its circumference often remains 
about the same, and sometimes even increases. An example of 
this is shown in Plate 1, Figure 23, the increase in circumference 
being due to the presence of a large vacuole, which represents nucle- 
olar material converted into a liquid. The contents of the vacuole 
remain entirely unstained. In later stages more and more of the 
nucleolus undergoes this change, until eventually none remains. 

The changes in the achromatic structures in chilopods, and the 
peculiarly modified spindle occurring in these forms, have been the sub- 
ject of several papers. Meves und von Korff (:01) confined their ob- 
servations to the first spermatocyte division. The centrosomes during 
the early prophase are not upon the nuclear membrane, but lie at a 
considerable distance from it. In later stages of the prophase they 
diverge and pass through the cytoplasm to the cell membrane, where 
they take up a position at opposite sides of the nucleus. Later, the 
nuclear spindle arises, but the mantle fibres have no connection with the 
centrosomes, each fibre ending free in the ctyoplasm. The astral fibres 
radiating from the centrosomes have no connection with the spindle. 
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The observations of P. Bouin (:00, :01) upon the same species are 
practically identical with the foregoing, and those of Bouin et Collin 
(:01) extend these observations to Geophilus linearis. These authors 
(p. 106) reach the following conclusions regarding the modified spin- 
dle: “De cette étude sur le fuseau chez le Geophilus linearis nous 
nous croyons autorisés & conclure qu'il existe également chez ce Myria- 
poda une indépendence complete entre le fuseau d’une part, les sphéres 
et les corpuscles polaires, d’autre part, indépendence evidente au stade 
de la métacinése, plus difficilement observable, mais trés vraisemblable 
cependant dés prophases de la mitose.” 

In Scutigera forceps (Medes, :05) much the same condition exists in 
the fully formed spindle, although earlier stages in its formation pre- 
sent some important differences, and at this time more closely resem- 
ble corresponding stages in the small spermatocyte of Scolopendra 
(Blackman, :01, :05). ‘The centrosomes at first lie at the poles of the 
spindle. Later, however, they leave this position and migrate to the 
cell membrane, retaining no apparent connection with the nuclear 
spindle. During the metaphase the author (Medes, p. 168) states: 
“The mutual independence of the spindle-fibres and the astral rays in 
Scutigera is the more clearly shown by the great dissimilarity in their 
structure and general appearance; for while the latter are very fine 
and delicate, . . . the former are heavy, stain an intense black, and 
present the appearance of wires, the ends of which may be distinctly 
seen lying free in the cytoplasm.” 

In the present study of the achromatic structures the cells of Litho- 
bius mordax have been used almost entirely, although observations 
showing that the changes are common to the genus have been made 
on the other two species. It will be seen that in general my obser- 
vations on the achromatic structures are largely confirmatory of those 
on the European species of Lithobius made by Bouin (:00, :01) and by 
Meves und von Korff (:01). 

In the prophase of Lithobius mordax the centrosomes were first 
seen in cells in which the nucleus is about in the stage represented in 
Plate 1, Figure 23. At this stage there are two, one lying at each 
side of the nucleus and about midway between this structure and the 
cell membrane. Each centrosome has already begun to divide to pro- 
duce the centrosomes of the second spermatocyte mitosis, and is now 
a small, darkly stained, dumb-bell shaped body. It lies in a small, 
clear area of the cytoplasm, and is surrounded by astral radiations 
which, though very fine and delicate, are still distinct from the cyto- 
plasmic reticulum. 

In later stages the centrosomes move through the cytoplasm toward 


| 
| 
5 
| 
‘ 
a 
q 
| 
| 
ig 
4 
aq 
; 
q 
g 
4 
a 


BLACKMAN. — SPERMATOGENESIS OF THE MYRIAPODS. 509 


the cell membrane, and finally take up their position on the inner face 
of this structure. In this migration they do not move in opposite 
directions, but proceed toward the side of the cell nearest to a line 
connecting the two centrosomes. Thus when they reach the cell 
membrane they usually both lie upon one side of the cell, which as yet 
still preserves its rectangular outline (Figures 24, 25). During this 
migration the nucleus also undergoes a movement in a similar direc- 
tion, seemingly striving to retain its position in a line between the two 
centrosomes. ‘Thus at a time when the centrosomes have reached the 
cell membrane, the nucleus lies very near to the same side of the cell, 
as is shown in Figure 25. When the centrosomes come in contact 
with the membrane, they immediately begin to move apart along its 
inner face until they have reached opposite poles of the cell, the nu- 
cleus meantime changing its position so as to lie between the two 
(Figure 24). 

Meanwhile the centrosomes have changed considerably in appear- 
ance. By the time they have reached the cell membrane each is en- 
closed in quite a distinct centrosphere. This is homogeneous or finely 
granular, and stains slightly darker than the cytoplasm (Figures 24, 
25). The astral rays have increased both in size and number, and 
now penetrate to nearly all regions of the cytoplasm. Those from the 
two poles may be distinctly seen to cross one another near the centre of 
the cell (Figures 24, 25), although this crossing is not so apparent as it 
is later (Figure 28). ‘These fibres are entirely distinct from the cellu- 
lar network, as the cytoplasmic reticulum is still evident except in the 
regions immediately surrounding the poles. In these regions, how- 
ever, the network seems to have entirely broken down, leaving only 
the hyaloplasm and the penetrating astral rays. Thus each centro- 
sphere is surrounded by a transparent area of considerable width 
(Figures 24, 25), which serves as an excellent background for the cen- 
trosome and centrosphere. Appearances similar to this have been 
observed in other myriapods by Meves und von Korff (:01), P. Bouin 
(:00, :01), and Medes (:05). 

During the time of the divergence of the centrosomes upon the cell 
membrane the cell has altered considerably in shape. In the vesicle 
stage and early prophase the cells are typically rectangular in outline. 
Now, however, they undergo a change by which their form becomes 
approximately spherical. This I believe to be directly due to the ap- 
pearance and development of the archoplasm (Blackman, :05), for the 
rounding off of the cell is only perfected when the astral systems have 
reached the height of their development (Plate 2, Figures 28-30). 

The achromatic changes thus far described have been entirely inde- 
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pendent of the nucleus, but during this same period the nucleus is 
also active. Aside from the evolution of the chromosomes and the 
disintegration of the nucleolus, which have already been described, the 
linin reticulum has also changed. Before the origin of the tetrads, a 
considerable portion of the nuclear area is occupied by the diffuse 
masses of achromatic material, which is so abundant as to obscure the 
greater part of the nuclear framework (Figures, 9, 10). After the 
chromosomes have arisen from the karyosphere, however, this diffuse 
material is collected into smaller and denser masses, which closely sur- 
round the chromosomes. ‘Thus the linin network is rendered visible 
and is seen to consist of a coarse, irregular reticulum (Figures 23-25). 
At first this is granular and stains very diffusely. As the tetrads 
condense to form the homogeneous chromosomes of the metaphase, the 
network becomes coarser and more irregular. At the same time the 
linin fibres begin to lose their granular appearance and to take on 
the form of more definite threads, which retain the stains much more 
strongly. Thus the nucleus in the late prophase presents the appear- 
ance shown in Figures 26 and 27 (Plate 2). The linin network is 
much more irregular than in preceding stages, and at many places is 
made up of distinct threads which have lost their granular structure. 
In later stages they become more and more numerous and definite, 
and the network becomes more and more broken up, although as yet 
the fibres have no definite arrangement with reference to the poles of 
the cells. 

The breaking down of the nuclear membrane and the formation of 
the central spindle is a process involving considerable time, as is 
shown by the numerous cells found in these stages. The nuclear 
membrane disappears rather early, often before all of the chromosomes 
have attained their homogeneous structure. The distinction between 
nuclear and cytoplasmic material is not so early lost, however, and 
may indeed be seen until the following anaphase. In the late pro- 
phase the line of demarcation between nuclear material and cytoplasm 
becomes very irregular, and shortly before the completion of the spin- 
dle presents the appearance shown in Figure 28. The distinction 
between nuclear sap and cell sap is shown by the much more trans- 
parent appearance of the former. ‘The linin at this time (Figure 28) 
is all in the form of definite threads, and these are being oriented so 
as to point toward the poles. 

In the later prophase this orientation of the linin fibres continues 
until it eventually results in the formation of such a spindle as is repre- 
sented in Figures 29, 30. The central spindle is derived from the 
nucleus, as is shown by numerous stages in its formation. The chromo- 
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somes lie near the centre and are arranged in nearly one plane, forming 
an equatorial plate. Extending from the chromosomes toward the 
poles are the linin fibres, which have now become mantle fibres. These 
at first (Figure 29) are comparatively short, but later they lengthen 
(Figure 30) and extend about one half of the distance from chromo- 
some to centrosome. ‘They are much thicker than the astral rays and 
stain much darker. ‘The central spindle, or nuclear spindle, is entirely 
distinct from the astral systems and lies in a clear area devoid of retic- 
ulum, which represents the nuclear sap that has not yet become mixed 
with the cytoplasm. ‘The entire spindle is barrel-shaped, the fibres 
converging slightly, but not coming to a point. At this time, and at 
all later stages of mitosis, the fibres if continued through the cyto- 
plasm would converge at the centrosomes, thus showing that these 
small bodies, while not directly connected with the nuclear spindle, 
still are the directing forces which determine its orientation and toward 
which its fibres converge. 

During the late prophase and metaphase the astral systems continue 
to develop, the rays becoming longer and more numerous. In the 
equatorial region they may often be seen to cross, although this cross- 
ing of the rays is not so pronounced as it is later during the anaphase 
(Figure 32), at which time the archoplasmic structures reach their 
highest development. In the metaphase (Figure 30) the centrosome 
has often already divided to form the centres of the second division, 
and this is always completed by the anaphase. The two centrosomes 
are surrounded by the centrosphere just as in the prophase. The 
lighter area of cytoplasm surrounding the centrosomes, however, is 
usually much reduced by the time the spindle is completed (Figure 29), 
and usually disappears entirely in the early anaphase. The cell mem- 
brane in the region of the centrosomes is always depressed during meta- 
kinesis and cytoplasmic cleavage (Figures 29-34). his depression first 
becomes apparent in the late prophase at the time the outline of the cell 
is becoming rounded. ‘his phenomenon probably has the same signifi- 
cance as that ascribed to it in Scolopendra (Blackman, :05, p. 55). 

With the formation of the nuclear spindle the chromosomes, which 
heretofore have been scattered throughout the nuclei, become lined up 
near the middle of the spindle to form a fairly definite equatorial plate 
(Figures 29, 30). While they do not all lie in exactly the same plane, 
they are still arranged much more regularly than in Scolopendra. We 
have seen that the characteristic form of the chromosomes in the late 
prophase is that of a four-lobed structure, each lobe representing a 
chromatid. The chromosomes in the equatorial plate are likewise 
typically of this form, yet there are individual variations both in the 
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form of the tetrads and in the attachment of the mantle fibres which 
are interesting and instructive. A peculiarity seen in these chromo- 
somes which I have not seen reported by any other observer is shown 
in Figures 29-31. The chromosomes here represented were studied in 
preparations in which the extraction of the haematoxylin had been 
carried farther than usual. This caused the greater part of the 
chromosome to stain not a dense black, but a dark gray. At the ends 
of each tetrad, at the point where the mantle fibres attach, there is a 
small, distinct body which stains much darker than the rest of the 
chromosome, and is of about the size of the centrosome (Figure 31). 
This spherule is embedded in the chromosome and is continuous with 
the mantle fibre and appears to be an enlargement or knob upon the 
end of this thread. Whether this body has any other significance than 
that of serving as an attachment to the chromosome I am unable to say, 
but it is a very distinct structure and is always found in the metaphase 
chromosome. The position of this body is very useful in determining 
the exact point of attachment of the mantle fibres and as an aid in 
determining whether the division of the chromosome is transverse or 
longitudinal. Usually the mantle fibres are attached at opposite ends 
of the four-lobed chromosome, and in such cases the fact that the 
division is longitudinal can be determined only by the shape assumed 
by the chromosome during the gliding apart of the two component 
dyads (McClung, :00 ; Blackman, :03,:05). Quite often, however, the 
mantle fibres attach to two of the adjacent lobules or chromatids of 
the tetrad (Figure 31). In such cases the chromosome lies with its 
longer axis parallel to the equatorial plate and division occurs by the 
separation of the chromosome along its longer axis. Such chromo- 
somes are seen in all equatorial plates studied and are represented in 
Figures 29-31. 

Thus the shape of the chromosomes at this time strongly indicates 
that the division of the first spermatocyte is a longitudinal one, but 
the best evidence of this is seen in the early prophase and during the 
anaphase of the first spermatocyte division. We have seen that in 
the prophase the first change in the chromatin segment consisted in the 
longitudinal cleavage. It is but natural, then, to believe that this 
longitudinal division is the one first completed in the two mitoses 
following. In the anaphase of the first spermatocyte, strong evidence 
as to the character of the chromosomic division just completed is fur- 
nished by the shape of the daughter chromosomes during their passage 
toward the poles. In Figure 32 is shown a mid-anaphase of the first 
spermatocyte. The chromosomes are already approaching their final 
position, but as yet are not massed together as they are at a slightly 
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later stage (Figure 33). The chromosomes are of a distinctly dumb- 
bell shape, the constriction at the middle of each one representing the 
line of transverse cleavage at which point the chromatids separate 
during the following metaphase. During the succeeding stages (Figures 
33, 34) and in the prophase of the following mitosis (Figure 35) the 
chromosomes retain this shape. In the metaphase of the second 
spermatocyte (Figure 36) the dumb-bell shaped elements are arranged 
with the constriction parallel to the equatorial plate and the separa- 
tion of the component chromatids occurs at this place. This is the 
reduction division of the chromosomes, and by it the parts of the 
bivalent element are separated, doubtless at the same point at which 
they united during the telophase of the last spermatogonium. 

In the meantime the nuclear spindle of the first spermatocyte remains 
entirely independent of the centrosomes and their system of astral rays. 
During the division and separation of the chromosomes the mantle 
fibres elongate considerably and their polar ends approach the centro- 
somes (Figure 32), but at no time do they abut upon it. Thus the 
chromosomes are evidently not separated by the contraction of the 
mantle fibres, but these seem merely to act as runways along which 
the daughter chromosomes move as they approach the poles. This, 
however, does not necessarily mean that the centrosomes do not have 
an important function in the separation of the chromosomes, for the 
influence of the chromosomes over the nuclear spindle is at all times 
apparent. The nuclear spindle is oriented parallel to a line connecting 
the two poles of the cell, and at all stages the mantle fibres converge 
toward the centrosomes. It seems probable that the separation of the 
daughter chromosomes is accomplished by an attractive force exerted 
upon them by the centrosomes rather than that they move apart by a 
force inherent in themselves. At any rate it cannot be disputed that 
the centrosomes determine the direction of this migration. 

In a former paper (Blackman, :05) I have given at some length 
reasons for believing that the centrosomes and astral rays play an im- 
portant part in the cytoplasmic cleavage. This work upon Lithobius 
strengthens the belief there expressed by showing that similar phenom- 
ena occur here also. The astral rays are not so conspicuous as in 
Scolopendra, but in all other respects they are essentially the same, 
and in Lithobius, just as in Scolopendra, I believe that the constriction 
of the cell is brought about by a force which is inherent in the centro- 
some and is exerted upon the cell membrane through the astral rays. 

The further changes in the maturation divisions offer but few points 
of special interest, and will be treated very briefly here. After the 
separation of the chromosomes in the first spermatocyte division, the 
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mantle fibres extend between the two masses of daughter chromosomes, 
presenting the peculiar appearance shown in Figure 33. ‘The nuclear 
substance may still be distinguished from that of the ordinary cyto- 
plasm by its more transparent appearance. With the constriction of 
the cell, however, the distinction between nuclear-sap and cell-sap is 
finally lost, although a disc of more transparent material still remains 
in the plane of constriction until cell division is nearly complete 
(Figure 34). 

By the constriction of the cell, the interzonal filaments are grouped 
together in a sheaf-like bundle. This is much shorter and broader 
than in Scolopendra, and persists but a short time. At the plane of 
constriction each fibre is interrupted by a small enlargement. These 
bodies at first occur only in the superficial fibres, where, by their fusion, 
they form a darkly stained ring about the sheaf of spindle remnants 
(Figure 35). Later, however, as constriction proceeds still farther, the 
interzonal filaments entirely disappear, while the ring surrounding them 
at a former stage has been converted into a darkly stained plate. 
This is continuous with the constricted cell membrane, and closes the 
opening between the two daughter cells. In sections it appears as a 
black band, and extends through a considerable depth of focus. 

The second spermatocyte mitosis follows the first very closely, there 
being no distinction between the telophase of the first and the prophase 
of the second division (Figure 35). The centrosomes do not leave their 
position upon the cell membrane, but in separating move along this 
structure until they arrive at opposite sides of the cell. The nuclear 
membrane then breaks down, and the spindle is formed. This spindle, 
just as in the first spermatocyte division, is truncate at the poles and 
remains entirely distinct from the astral systems. 

The succeeding changes in the second mitosis are so similar to those 
in the first spermatocyte as to render separate description unnecessary. 
The dividing cells in the second spermatocyte may, however, always be 
readily distinguished from those of the first by several characteristics. 
The cells are much smaller, the spindle is more attenuated, and the 
chromosomes are of quite a different shape. The changes in the sper- 
matid during its development into the spermatozoon will be the subject 
of a later paper. 


SUMMARY. 


Pseudo-reduction is accomplished by an end-to-end union in pairs 
of the chromosomes during the telophase of the last spermatogonial 
division. All of the chromosomes take part in this except the ac- 
cessory chromosomes. 
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During the early part of the growth period all of the chromosomes 
become massed together to form the karyosphere. The chromosomes enter 
this body as distinct elements, and the individual elements can be recog- 
nized for a considerable time. The karyosphere also contains nucleolar 
material, 

The karyosphere varies in structure with the species. In Lithobius 
mordax the amount of nucleolar material is less than in the other 
species studied. In Lithobius multidentatus the chromatin is periph- 
eral in position, and surrounds the nucleolar material. In Lithobius 
sp. ? the amount of nucleolar substance is greater, and there are always 
two or more karyospheres. ‘The chromatin in this species is usually 
central in position, and is surrounded on all sides by nucleolar 
material. 

During the growth period no special aggregations of archoplasm are 
present, but this substance is dispersed throughout the cytoplasm of the 
cell. 

In the three species of Lithobius studied the chromosomes arise from 
the karyosphere and develop into tetrads, but the manner of development 
of the tetrads varies with the species. 

In Lithobius sp.? the stages in the formation of the prophase 
chromosome are similar in all essential respects to those of the 
typical arthropod tetrad. 

In Lithobius mordax and Lithobius multidentatus the chromatin 
arises from the karyosphere in the form of globules which, as they arise, 
become arranged in a single row for each chromosome, and each chromo- 
some is embedded in a separate mass of achromatic material. In the 
formation of the tetrad each globule divides into two equal halves, giving 
rise to two parallel rows of globules. This represents the longitudinal 
or equational division of the chromosomes. The transverse or reduction 
division is accomplished by a separation of the rows of globules at their 
middle point, the globules themselves remaining intact. In later stages 
the globules forming each chromatid fuse into one, thus giving rise to 
a tetrad composed of four spherules of chromatin. 

After the origin of the chromosomes, the nucleolar portion of the 
karyosphere remaining gradually breaks down. Portions of it may 
often be seen at the poles of the nucleolar spindle during the meta- 
phase and anaphase of the following division. 

In the early prophase the centrosomes separate and move through the 
cytoplasm to the cell membrane. Along the inner face of the membrane 
they migrate apart until they are upon opposite sides of the cell. 
During the migration the cell outline becomes rounded off, and by the 
time of the metaphase the cell is spherical in shape. 
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When the centrosomes are at opposite sides of the cell the nuclear 
membrane breaks down, and its component parts become rearranged 
to form a spindle. The linin network is transformed directly into the 
mantle fibres. 

The nuclear spindle remains entirely distinct from the centrosomes 
and astral systems. Its fibres do not converge at a special point at 
each pole, but end free in the cytoplasm, the poles of the spindle 
thus being truncate. Hach mantle fibre, however, points directly 
toward the centrosome. — 

The distinction between nuclear substance and cytoplasm may be 
readily seen up to the late anaphase of the first division. 

The second division follows very closely on the first. The centro- 
somes separate and move apart upon the cell membrane, forming a 
spindle similar to that of the first spermatocyte. 

The first maturation mitosis results in a longitudinal or equation 
division of the chromosomes, while the second is the reduction division. 
Evidences of this are seen in the sequence of cleavages in the pro- 
phase, in the attachment of the mantle fibres during the metaphase 
of the first mitosis, in the shape of the daughter chromosomes during 
the anaphase and telophase of the first division, and in the shape of the 
dyads and their position in the equatorial plate of the last division. 
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EXPLANATION OF PLATES. 


All drawings were made with the aid of a camera lucida. A Leitz »,-inch homo- 
geneous immersion objective and No. 4 ocular were used, producing, at the pro- 
jection distance employed, a magnification of 1230 diameters. All figures were 
reduced } in reproduction, making a final magnification of 820 diameters. 


PLATE 1. 


Figure 1. Spermatogonium of Lithobius mordaz in the “ resting stage.” Each 
nucleus possesses two karyospheres, which contain all of the chromatin of the cell. 

FieurE 2. Prophase of spermatogonium of ZL. mordax. The chromosomes 
have arisen from the karyosphere, and are distributed throughout the nucleus in 
the form of fine granular threads. The nucleoli and the accessory chromosome 
are all that remain of the karyosphere. 

Figure 3. Early spermatocyte of L. mordax. The chromosomes have under- 
gone pseudo-reduction. The massing of the chromosomes about the accessory 
chromosome to form the karyosphere has already begun. 

Ficure 4. Lithobius sp.? at about the same stage as is shown in Figure 3. 
Here the nucleoli serve as the basis of the karyosphere. Two nucleoli are seen, 
one of which is already acquiring chromatin. 

Ficures 5,6, 7. First spermatocytes of Z. mordaz in the early growth period, 
showing massing of the chromosomes to form the karyosphere. The outlines of 
many of the chromosomes can still be seen. 

Figure 8. Later stage of growing /jirst spermatocyte of Z. mordax. The 
karyosphere has increased in size, is becoming more regular in outline, and 
stains less deeply, owing to the acquisition of nucleolar material. The nucleus 
also contains diffuse deposits of achromatic material. The outlines of some of 
the chromosomes are still to be seen. 

Figure 9. Nucleus of jirst spermatocyte of Z. mordar in the vesicle stage, 
showing th» presence of both chromatin and nucleolar substance. 

Figure 10. The vesicle stage in L. mordaz, showing characteristic shape of 
cell, dense structures of the cytoplasm, and characteristic appearance of the 
nucleus. The karyosphere appears entirely black, and is surrounded by a mantle 
of non-chromatic material. 

Figures 11, 12. Nuclei of jirst spermatocytes of L. multidentatus in the vesicle 
stage. The amount of chromatin is here less than in L. mordax. It is spread 
out over the surface of the nucleolus, forming a karyosphere similar to that of 
Scolopendra subspinipes. The achromatic deposits are confined to several dense 
masses. 

Figure 13. Very early prophase of first spermatocyte of L. multidentatus. The 
chromatin in the karyosphere is becoming more loosely arranged. The deposits 
of achromatic material have broken up into a number of smaller masses. 

Figures 14-17. Nuclei of spermatocytes of Lithobius sp.? in the vesicle stage. 
Two or more karyospheres are usually present, each containing considerable 
nucleolar material. 


Fievre 18. Nucleus of first spermatocyte of Lithobius sp.? in early prophase. 
Most of the chromosomes have left the karyosphere, and are in the form of 
granular segments. 

Fieures 19*, 19>, 19°, 20, 21. Later prophase of first spermatocyte in Lithobius 
sp.?, showing various stages in formation of the tetrads and in disintegration of 
the nucleoli. Figures 19, 19>, and 19¢ represent successive sections of the 
nucleus of one cell. 

Figure 22. Mid-prophase of first spermatocyte in Lithobius sp.? The tetrads 
have contracted to form denser bodies of chromatin. 

Ficure 23. Nucleus of jirst spermatocyte, showing early stages in the forma- 
tion of the tetrads in Z. mordax. Some of the chromosomes have undergone 
longitudinal splitting, resulting in double rows of globules. Others are already 
taking on the form of characteristic tetrads. One chromosome is just arising 
from the karyosphere. The nucleolar material is already becoming vacuolated. 

Figures 24, 25. Mid-prophases of the jirst spermatocyte of ZL. mordar. The 
centrosomes are moving apart along the inner face of the cell membrane. The fu- 
sion of the globules forming each chromatid of the tetrad has begun. In two 
chromosomes in Figure 25 this fusion is complete, there being only four parts to 
the tetrad. The nucleolus is much reduced in size. 
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Ficures 26, 27. Late prophase of first spermatocyte of Z. multidentatus. 
Many of the tetrads have already become homogeneous. However, the dividing 
planes are still very evident. The linin fibres are being converted into definite 
threads. 

Ficure 28. Late prophase of LZ. mordax. The nuclear membrane has dis- 
appeared, and the linin fibres are becoming oriented to form the mantle fibres 
of the spindle. 

FicuRreEs 29, 50. Division figures of the first spermatocyte of L: mordaz, showing 
the complete independence of nuclear spindle and astral systems. The fibres of 
the spindle, however, converge toward the centrosomes. The distinction between 
nuclear sap and cytoplasm is very distinct. The chromosomes are arranged in 
an equatorial plate. At the point of attachment of the mantle fibres to the chromo- 
some, a small, darkly stained body is seen. 

Ficgure 31. Chromosomes seen in a single equatorial plate of LZ. mordax 
showing the variety of shapes and sizes and the manner of attachment of the 
mantle fibres. 

Figure 32. Mid-anaphase of jirst spermatocyte of LZ. mordar. The daughter 
chromosomes are of a distinct dumb-bell shape, the constriction representing the 
plane of the second division. 

Figures 33, 34. Later stages in division of jirst spermatocyte of L. mordaz. 
Where chromosomes can still be distinguished, their form is unchanged. 

Figure 35. Late telophase of first, or early prophase of second, spermatocyte 
of L. mordar. Chromosomes still dumb-bell shaped. Centrosomes are moving 
apart along inner surface of cell membranes. 

Ficure 86. Metaphase of second spermatocyte of L. mordax. Achromatic 
structures similar to corresponding stage of first division. The dumb-bell 
shaped chromosomes are arranged with the constriction in the plane of the 


equatorial plate. 
Figure 87. Telophase of second spermatocyte of L. multidentatus. 
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